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Claim 

A method for clathration of coloring matter [sic; dyestuff] 
characterized by the fact that the coloring matter is dissolved 
in a solution, which is obtained by dissolving cyclodextrin and 
3-10 wt% of at least one of urea, water and glycerin in dimethyl 
sulfoxide; that the dimethyl sulfoxide is removed; that the 
above-mentioned coloring matter is included with cyclodextrin. 

Detailed explanation of the invention 

Industrial application field 

This invention pertains to a method for clathration of 
coloring matter by cyclodextrin to improve the light resistance 
of coloring matter to be used in a coloring agent. 

Prior art 

Basic dyes used in conventional coloring agents have poor 
light resistance; their degree [of light resistance] is 



approximately grade 1. As a method for improving the light 
resistance of basic dyes such as methylene blue, as presented in 
the method described in Japanese Kokai Patent Application No. Sho 
62 [1987] -100557, methylene blue and cyclodextrin are 
simultaneously dissolved in dimethyl sulfoxide, and the substance 
to be colored is immersed it and dried with air. 

Next, the mechanism of the optical fading is explained. A 
coloring matter molecule D is excited to the singlet state ('d) 
by light, and then, it undergoes a transition to a triplet state 
{^D) by intersystem crossing. The triplet coloring matter 
transfers energy to an adjacent triplet oxygen ^Oj and produces a 
singlet oxygen ^O^. This singlet oxygen is adsorbed to the active 
site of a molecule of the coloring matter, and then, the coloring 
matter becomes a radical. This radical induces a series of 
chemical reactions, and the coloring matter is decomposed. If 
the coloring matter is included with cyclodextrin, the active 
site of the coloring matter molecule for the singlet oxygen is 
blocked with cyclodextrin, and the singlet oxygen produced cannot 
be adsorbed. For this reason, fading of the coloring matter is 
suppressed, and the methylene blue has approximately a grade of 3 
light resistance. 

Problem to be solved by the invention 

In a conventional method for including coloring matter with 
cyclodextrin, the coloring matter and cyclodextrin were 
simultaneously dissolved in dimethyl sulfoxide, and at this 
moment, the coloring matter was markedly faded. In other words. 



the coloring matter included with cyclodextrin is stabilized; 
however, part of the coloring matter is included in dimethyl 
sulfoxide. The others are not included, and the above-mentioned 
two kinds of equilibria are established. Among them, dimethyl 
sulfoxide solvates the nonincluded coloring matter, reduced by a 
proton [sic] from a cyclodextrin OH group, and is dulled and 
faded. 

This invention solves the above-mentioned problems, and its 
purpose is to obtain a method for clathration of coloring matter 
which can improve the light resistance of the coloring matter to 
the same degree as that of a conventional method and can prevent 
the coloring matter from being dulled and faded. 

Means to solve the problem 

The method for clathration of coloring matter of this 
invention is characterized by the fact that the coloring matter 
is dissolved in a solution, obtained by dissolving cyclodextrin 
and 3-10 wt% of at least one of urea, water and glycerin in 
dimethyl sulfoxide that the dimethyl sulfoxide is removed and 
that the above-mentioned coloring matter is included with 
cyclodextrin. 

Function 

At least one of urea, water and glycerin in this invention 
is mixed with dimethyl sulfoxide so that its aprotic nature can 
be weakened and that the solvation of a coloring matter can be 
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prevented, thereby preventing the reductive fading of the 
coloring matter. 

Application example 

Comparative Example 1 

Figure 1 is a characteristic diagram that shows the change 
with time of OD (optical density) (667 nm) of a 

coloring-matter- including solution. In the figure, the ordinate 
indicates OD (optical density) , and the abscissa indicates time 
(h) . In other words, if 10*^ mol/L methylene blue (grade 1 light 
resistance) and 10"^ mol/L jS-cyclodextrin are dissolved in 
dimethylene sulfoxide, the OD (optical density) (667 nm) is 
reduced as shown in the dulling and fading curve (a) in Figure 1. 

Application Example 1 

If 10-^ mol/L methylene blue (grade 1 light resistance) was 
dissolved in a solution obtained by dissolving 10"^ mol/L 
^-cyclodextrin and 10% urea in dimethyl sulfoxide, the reduction 
of OD was decreased as shown in the dulling and fading curve (b) 
in Figure 1, and the light resistance was grade 3. Figure 2 is a 
characteristic diagram that shows the dependence of the fading 
rate on the urea concentration when the aJDOve- mentioned urea is 
not added and when 3-20% urea is added. The ordinate indicates 
the fading rate, and the abscissa indicates the urea 
concentration (%) . 



Application Example 2 



Rhodamine 6G (grade 2 light resistance) at 1 part by weight 
was dissolved in a solution obtained by dissolving /3-cyclodextrin 
at 10 parts by weight and water at 10 parts by weight in dimethyl 
sulfoxide at 100 parts by weight, and a piece of filter paper was 
immersed into the solution. Then, it was dried with air. Its 
optical density was 1.4 and its dulling and fading were 
prevented. Its light resistance was a grade 4, and the light 
resistance was the same as that obtained with a conventional 
method. 

Comparative Example 2 

Rhodamine 6G (grade 2 light resistance) at 1 part by weight 
and )3-cyclodextrin at 10 parts by weight were dissolved in 
dimethyl sulfoxide at 100 parts by weight, and a piece of filter 
paper was immersed into the solution. Then, it was dried with 
air. Its optical density was 0.7 due to the dulling and fading; 
however, its light resistance was a grade 4, 

Comparative Example 3 

Rhodamine 6G (grade 2 light resistance) at 1 part by weight 
and /3-cyclodextrin at 10 parts by weight were dissolved in water 
at 100 parts by weight, and a piece of filter paper was immersed 
into the solution. Then, it was dried with air. Its optical 
density was 1.4, and the dulling and fading were not seen. 



However, its light resistance was grade 2, and the light 
resistance was decreased. 

Application Example 3 

A solution was obtained by dissolving y-cyclodextrin at 
5 parts by weight and glycerin at 8 parts by weight in methylene 
sulfoxide at 100 parts by weight, and methylene blue (grade 1 
light resistance) at 0 . 5 part by weight was dissolved in it. 
Then, .a piece of filter paper was immersed into the solution. 
Then, it was dried with air. Its optical density was 1.1, and 
its dulling and fading were prevented. Its light resistance was 
grade 3, which was the same degree as that of a conventional 
method. 

Also, 3-10 wt% of at least one of urea, water and glycerin 
must be added according to this invention. If the amount is less 
than 3 wt%, the effect cannot be obtained, and if the amount is 
more than 10 wt%, the concentration of coloring matter and 
dextrin is decreased. 

Effect of the invention 

As explained cibove, in this invention, coloring matter is 
dissolved in a solution obtained by dissolving cyclodextrin and 
3-10 wt% of at least one of urea, water and glycerin in dimethyl 
sulfoxide. Then, the dimethyl sulfoxide is removed, and the 
above-mentioned coloring matter is incorporated into the 
cyclodextrin. Thus, a method for clathration of coloring matter, 
which can have the same degree of light resistance as that of a 



conventional method and can prevent the coloring matter from 
being dulled and faded, can be obtained. 

Brief explanation of the figures 

Figure 1 is a characteristic diagram that shows the change 
with time of OD (optical density) (667 nm) of a 

coloring-matter- including solution in the application example of 
this invention. Figure 2 is a characteristic diagram that shows 
the dependence of the fading rate on the urea concentration when 
0-20% urea is added to the coloring-matter- including solution of 
the application example of this invention. 

In the figures, (a) is a dulling and fading curve of the 
coloring-matter- including solution of the comparative examples, 
(b) is a dulling and fading curve of the 

coloring-matter- including solution of the application examples of 
this invention. 
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